Bacteria and humans coexist, establishing all kinds of relationships that may 34 change from saprophytic to infectious as environmental conditions vary. S. 35 epidermidis is saprophytic when living in the skin. Inside the organism it evokes a 36 pathologic reaction and is thus rejected by the organism. Additionally it is forced to 37 adapt to high oxygen concentrations, becoming vulnerable to reactive oxygen 38 species, which may come from leukocyte attack. Avoiding both, high oxygen and 39 leukocytes is a must for bacteria. Escaping from oxygen involves a clever 40 response: whenever it finds a low oxygen environment it attaches to surfaces, 41 associating into biofilms. Biofilms protect S. epidermidis against host cells. 42
Understanding these responses is a must in order to develop treatments and 43 prevent infection success. 44
INTRODUCTION 46
In mammals, saprophytic microorganisms contribute to the control of 47 pathogenic bacteria, digestion of nutrients and synthesis of diverse coenzymes, 48 prosthetic groups and amino acids [1] . On the skin the microorganism population is 49 estimated at 10 11 to 10 12 cells [2, 3] . In the dermic layers, the saprophytic bacterium 50
Staphylococcus epidermidis inhibits colonization by Staphylococcus aureus or 51
Streptococcus pyrogenes through secretion of proteases [4] and other 52 antimicrobial compounds [5] . S. epidermidis is abundant in moist areas, occupying 53 a micro-aerobic niche in dermis and epidermis and in the nearly anoxic sebaceous 54 areas [6] . 55 S. epidermidis may be accidentally internalized through wounds or 56 punctures made after improper sterilizing procedures. Upon entry, this bacterium 57 has to face high oxygen concentration [O 2 ] and rejection from the immune system, 58 a situation that most likely triggers a stress response [7] . As bacteria are carried 59 through the organism, they may reach areas where low [O 2 ], similar to that found in 60 the skin layers that constitute its natural habitat, and it is likely that in an effort to 61 remain in the hypoxic area, it adheres to epithelia or other surfaces and organizes 62 into biofilms. This response protects S. epidermidis against both, phagocytosis and 63 Díaz (Instituto Politécnico Nacional, México). A loophole from the bacterium was 94 suspended in 5 mL of 3% tryptic soy broth (Fluka, Sigma) and incubated at 37ºC 95 for 24 h. Subsequently, pre-cultures were added to 1 L LB medium (1% tryptone, 96 0.5% yeast extract, 1% NaCl) plus 2% glucose and incubated 24 hours at 30 ºC 97 under aerobic (shaking 150 rpm), microaerobic (5% CO 2 , no agitation) or 98 anaerobic (static in oxygen-depleted sealed acrylic chamber) conditions. Then the 99 cells were washed three times at 5000 xg for 10 min with distilled water and 100 resuspended in 10 mM HEPES pH 7.4 101 102
Cytoplasmic extracts 103
All procedures were conducted at 4 °C. Cells (grown under aerobic, 104 microaerobic or anaerobic conditions) were centrifuged at 5000 xg for 10 min, 105 washed three times with distilled water and resuspended in 50 mL 10 mM HEPES, 106 pH 7.4, supplemented with one tablet of protease-inhibitor cocktail (Complete) and 107 5 1 mM PMSF. Cells were disrupted by sonication using a Sonics VibraCell sonicator 108 (Sonics & materials, Inc., Newtown, CT) 7 x 20 sec with 20 sec intervals. To 109 remove unbroken cells the suspension was centrifuged at 10 000 xg for 10 min and 110 the supernatant was recovered. The plate was incubated 24 hours at 37 °C with 5% CO 2 . After incubation, the TSB 7 medium was removed and the wells were washed twice with 200 µL of phosphate-170 buffered saline (PBS) to remove non-adherent bacteria. The plates were dried for 1 171 hour at 60 °C and stained with 0.4% crystal violet solution for 10 min. The plates 172
were washed under running tap water to remove any excess stain. Biofilm 
RESULTS. 188
Oxygen is among the most important factors driving evolution. Its partial 189 reduction products, the reactive oxygen species (ROS) destroy nucleic acids, 190 proteins and membranes [24] . Thus, in spite of its remarkable electron acceptor 191 properties, the dangerous oxygen molecule has to be dealt with carefully [25, 26] . where it became negligible (Figure 1 ). In addition, it was observed that under 208 aerobic conditions the best respiratory fuel was lactate, which was consumed 209 around three times as fast as glucose or ethanol (Figure 1) . 210
The activity of the respiratory chain correlated with the different growth rates 211 of S. epidermidis. However, glycolysis can also constitute an important source of 212 energy [27] . In fact, as low oxygen environments seem to be preferred by S. (Figure 3 ). Aiming to understand such rise in ATP, we found 230 that other bacteria, e.g. Bacillus brevis and Escherichia coli, react to substrate 231 9 depletion by adhering to glass surfaces and at the same time increase [ATP] two-232 to fivefold in comparison to planktonic cells [28] . In this regard, it has been reported 233 that hypoxic stimuli induce biofilm formation in S. epidermidis [12] . 234
In Staphylococcus aureus, expressing a deficient respiratory chain 235 decreases sensitivity to H 2 O 2 [29] , suggesting that anaerobiosis-adapted cells 236 resist oxidative stress better. Here, as oxygen decreased in the growth medium, S. 237 epidermidis switched its metabolic mode from aerobic to fermentative. Thus, we 238 decided to test the sensitivity to ROS of S. epidermidis grown at different [O 2 ] to 239 the presence of hydrogen peroxide (Figure 4) that found in its normal niche, it redirects its ATP from growth to production of 257 polysaccharides and proteins involved in biofilm generation [13, 32] . To analyze 258 the ATP-dependence of biofilm formation, the ability of cells grown in hypoxic 259 conditions to form biofilms was analyzed. It was observed that cells incubated in 260 the presence of the respiratory chain inhibitor cyanide or the glycolytic inhibitor 1,4-261 bisphosphobutane, formed smaller biofilms than the control and that addition of 262 10 both inhibitors led to even smaller biofilms ( Figure 5 ). This would suggest that 263 biofilm formation activity is proportional to [ we observed a similar phenomenon: cells grown in hypoxic or anoxic 279 environments, which exhibited low respiratory rates were more resistant to oxygen 280 peroxide ( Figure 4 ). Thus, as in S. aureus, the lack of an efficient respiratory chain 281 in S. epidermidis enabled cells to survive ROS. This is probably useful when 282 bacteria are confronted with the oxidative burst generated by the immune system. 283
The rate of oxygen consumption in aerobic grown cells was highest when 284 lactate was the substrate. This is probably due to the direct donation of electrons to Fig. 1A ) and isoform 2 (Suppl. Fig. 1B ) illustrated the similarities of these 298 enzymes to their counterparts in S. aureus [39] . In addition, S. epidermidis isoform 299 three (Suppl. Fig 1C) was modeled successfully using the internal NADH 300 dehydrogenase Ndi2 from the facultative yeast S. cerevisiae [40] . Thus, it is likely 301 that Ndi2s may be used to predict the facultative nature of a species. 302
The normal habitat for S. epidermidis is the microaerobic environment found 
